Supracrustal rocks around the North Pole Dome area, Western Australia, provide valuable information regarding early records of the evolution of crustal processes, surface environments, and biosphere. Owing to the occurrence of the oldest known microfossils, the successions at the North Pole Dome area have attracted interest from many researchers. The Paleoarchean successions (Warrawoona Group) mainly comprise mafic-ultramafic greenstones with intercalated cherts and felsic lavas. Age constraints on the sediments have been mainly based on zircon U-Pb geochronology. However, many zircon grains have suffered from metamictization and contain anomalously high contents of common Pb, which makes interpretation of the U-Pb data complicated. In order to provide more convincing chronological constraints, an U-Pb Concordia age is widely accepted as the best estimate. Most zircons separated from two adamellites also suffered from severe metamictization. In our analyses, less metamictized domains were selected using a pre-ablation technique in conjunction with elemental mapping, and then their U-Pb isotopic compositions were determined with a laser ablation inductively coupled plasma mass spectrometry. Most analyzed domains contained certain amounts of common Pb ( 204 Pb/ 206 Pb > 0.000 1), whereas three and five U-Pb data points with less common Pb ( 204 Pb/ 206 Pb < 0.000 1) were obtained. These U-Pb datasets yielded U-Pb Concordia ages of ca 3 445 Ma and 3 454 Ma, respectively. These ages represent the timing of the adamellite intrusion, and constrain the minimum depositional age of the Warrawoona Group. In addition, a single xenocrystic zircon grain showed a 207 Pb/ 206 Pb age of ca 3 545 Ma, supporting the idea that the sialic basement of the Pilbara Craton existed prior to 3 500 Ma. The in situ U-Pb zircon dating combined with the pre-ablation technique has the potentials to identify nonmetamictized parts and to yield precise and accurate geochronological data even from partially metamictized zircons. K E Y W O R D S common Pb, metamict, North Pole Dome, U-Pb Concordia age, U-Pb zircon geochronology
| INTRODUCTION
The Pilbara Craton in Western Australia provides well-preserved exposures of Paleoarchean granite-greenstone complex (3.52-3.17 Ga; Van Kranendonk, 2010) . It is famous for including one of the oldest geological records of early life and surface environments. The greenstone belts are divisible into three lithostratigraphic groups: Warrawoona at the bottom, Kelly in the middle, and Sulphur Springs at the top (Van Kranendonk, 2010) . Contacts between the groups are interpreted as erosional unconformities (Buick et al., 1995; Van Kranendonk, Hickman, Williams, & Nijman, 2001) . Numerous occurrences of stromatolites, microfossils, and biogenic organic matter are reported in sedimentary rocks of the lowermost Warrawoona Group, which provides evidence of Paleoarchean life (reviewed by Hickman, 2012) . The North Pole Dome area is particularly well known for the occurrence of one of the oldest stromatolites and microfossils, which are included in bedded chert-barite deposits in the Dresser Formation of the Warrawoona Group (Awramik, Schopf, & Walter, 1983; Buick, 1990; Ueno, Isozaki, Yurimoto, & Maruyama, 2001; Walter, Buick, & Dunlop, 1980) . Geological, geochronological, and geochemical data from the North Pole Dome area provide important clues of the early evolution of the biosphere as well as of crustal processes and the atmosphere.
Interpretations of the North Pole Dome stratigraphy have been developed by two contrasting tectonic models: (i) modern style plate subduction (Kitajima et al., 2008; Kitajima, Maruyama, Utsunomiya, & Liou, 2001; Komiya, Maruyama, Hirata, & Yurimoto, 2002; Terabayashi, Masada, & Ozawa, 2003) ; and (ii) mantle plumes and recycling of primitive crust (Smithies, Champion, & Van Kranendonk, 2009; Smithies, Van Kranendonk, & Champion, 2005; Van Kranendonk et al., 2006; Van Kranendonk, Smithies, Hickman, & Champion, 2007) . The former tectonic model is supported by the alteration styles of the North Pole Dome greenstones, which are analogous to those at modern mid-ocean ridges (Kitajima et al., 2001; Terabayashi et al., 2003) , ocean plate stratigraphies, and their duplex structure in thrust-bound chert-greenstone units (Kitajima et al., 2001; Komiya et al., 2002) , and downward increases in metamorphic grade across major bedded chert horizons (Terabayashi et al., 2003) . In this model, greenstone successions in the North Pole Dome area were interpreted as the imbricated piles of accreted oceanic crust. On the other hand, some workers advocate that the thickness of the greenstone successions is too great to be a slice of an oceanic crust. They suggest that successive mantle plume events led to the eruption of the voluminous basaltic pile and melting of the basaltic and older felsic crust (Hickman & Van Kranendonk, 2012; Smithies et al., 2005 Smithies et al., , 2009 ; Van Kranendonk, 2010; Van Kranendonk et al., 2006 .
This confusion over the geotectonic interpretation is fomented by an insufficiency of published isotopic data, as shown below. Geochronological constraints with high precision and accuracy are necessary to better understand the tectonic evolution of the North Pole Dome successions.
Various types of isotopic data have been previously reported, for example, a Pb-model age of galena (Richards, Fletcher, & Blockley, 1981) , and a Sm-Nd whole-rock isochron age from greenstones, barites, and carbonates (Tessalina, Bourdon, Van Kranendonk, Birck, & Philippot, 2010) . Since the study by Thorpe, Hickman, Davis, Mortensen, and Trendall (1992) , geochronological and stratigraphic interpretations of the North Pole Dome successions have been mainly based on zircon U-Pb ages because of their resistance to physical and chemical alteration ( Figure 1a ). However, Paleoarchean zircons from the North Pole Dome area are susceptible to radiation damage and alteration as a result of metamictization, and their U-Pb systems have been disturbed to some extent (Kitajima et al., 2012) . Most previously published data for the zircons plot off the Concordia curve; thus, they cannot provide U-Pb Concordia ages. As confirmed in Figure 1a , even U-Pb data of zircon grains from the same stratigraphic unit can show different ages. This discrepancy results in conflicting arguments relating to the stratigraphy of the North Pole Dome area. Van Kranendonk, Hickman, Smithies, Nelson, and Pike (2002) interpreted it as right-way-up succession, rather than the downward-younging tectonic assemblage suggested by Kitajima et al. (2008) . Such a difference in geotectonic interpretation is attributed to the lack of a reliable zircon U-Pb age due to metamictization and the resultant Pb-loss event. As shown below, most zircons that are separated from granitoids in the North Pole Dome area sufferred from severe metamictization.
In order to acquire convincing U-Pb ages from such metamict zircons in the North Pole Dome area, we attempted to measure U-Pb ratios at radiation-damage-free locations within the zircon grains.
We separated zircons from the North Pole Dome adamellite, which intrudes into the bottom of the North Star Basalt (Figure 1a ).
Although most data in previous studies are far from the Concordia curve, we obtained some concordant U-Pb datasets by avoiding metamictized locations. Our measurement constrains the minimum depositional age of the succession in the North Pole Dome area with higher confidence than before, and it is broadly applicable to metamict zircons from other zircon-bearing rocks in this area.
| MATERIALS AND METHODS

| Geological background of the North Pole Dome area
The North Pole Dome area is located approximately 160 km south of Port Hedland and represents a structural dome of slightly deformed, dominantly greenstone successions (Figure 1; Hickman, 2012; Kitajima et al., 2008 Kitajima et al., , 2012 Van Kranendonk, 2010) . Here its geology has been well described (Buick & Dunlop, 1990; Hickman, 1983; Kitajima et al., 2008 Kitajima et al., , 2012 Nijman, Bruijne, & Valkering, 1999; Van Kranendonk, 2010; Van Kranendonk et al., 2001) . Paleoarchean greenstone successions in this area are divided into the Warrawoona and Kelly Groups, which are unconformably overlain by younger rocks of the De Grey Supergroup and the Fortescue Group ( Figure 1a ; Van Kranendonk, 2010) . The Warrawoona greenstone successions in the North Pole Dome area mainly consist of basaltic-komatiitic greenstones intercalated with cherts and barites, and of minor felsic volcano-sedimentary rocks (Hickman, 1983; Kitajima et al., 2008 Kitajima et al., , 2012 Van Kranendonk, 2010; Van Kranendonk et al., 2001) . In addition, these successions are subdivisible into four main formations: the North Star Basalt, the Dresser Formation, the Mount Ada Basalt, and Panorama and Duffer Formations, in ascending order ( Figure 1 ; Kitajima et al., 2008 Kitajima et al., , 2012 Van Kranendonk, 2010 In the southern area, greenstones dip south by approximately 30 -70
and are separated by either layer-parallel thrusts or disconformities (Figure 1b; Hickman & Van Kranendonk, 2012; Kitajima et al., 2008 Kitajima et al., , 2012 . Terabayashi et al. (2003) report that a prograde metamorphism from prehnite-pumpellyite to greenschist facies occurred in each stratigraphic unit, and they suggest that the metamorphism resulted from the hydrothermal alteration of ocean-floor basalt at the mid-ocean ridge.
The North Pole Dome adamellite occupies a central core and intrudes the greenstone successions. There are several high-angle normal faults attributed to the diapirism or the granite doming (Hickman, 1983; Terabayashi et al., 2003; Van Kranendonk et al., 2001) . In addition, a metamorphic aureole is restricted to within a few kilometers around the North Pole Dome adamellite (Terabayashi et al., 2003) .
Putative microfossils occur within the chert unit in the pillow basalt of the Mount Ada Basalt (Awramik et al., 1983 (Awramik et al., 1983; Buick, 1990) , one of the oldest stromatolites appears in these cherts formed under the hydrothermal setting (Walter et al., 1980 Figure 1a and (Nelson, 2000 ) (Nelson, 2000) (3 434 ±5) Ma (Nelson, 2000) (3 470.1 ±1.9) Ma (3 470.1 ±1.9) Ma (Byerly et al., 2002 ) (Byerly et al., 2002) (3 470.1 ±1.9) Ma (Byerly et al., 2002) (3 465 ±18) Ma (3 465 ±18) Ma (Kitajima et al., 2008 ) (Kitajima et al., 2008) (3 465 ±18) Ma (Kitajima et al., 2008) (3 440.5 ±3.9) Ma (3 440.5 ±3.9) Ma (Amelin et al., 2000 ) (Amelin et al., 2000) (3 440.5 ±3.9) Ma (Amelin et al., 2000) (3 458 ±1.9) Ma (3 458 ±1.9) Ma (Thorpe et al., 1992) ( Thorpe et al., 1992) (3 458 ±1.9) Ma (Thorpe et al., 1992) (3 660 ±52) Ma (3 660 ±52) Ma (Kitajima et al., 2008 ) (Kitajima et al., 2008) (3 660 ±52) Ma (Kitajima et al., 2008) ( 3 454 (Kitajima et al., 2008 ) (Kitajima et al., 2008) (3 454 ±46) Ma & (3 463 ±34) Ma (Kitajima et al., 2008) (3 481 ±3.6) Ma (3 481 ±3.6) Ma (Van Kranendonk et al., 2008 ) (Van Kranendonk et al., 2008 (3 481 ±3.6) Ma (Van Kranendonk et al., 2008) (3 459 ±18) Ma (3 459 ±18) Ma (Thorpe et al., 1992) ( Thorpe et al., 1992) (3 459 ±18) Ma (Thorpe et al., 1992) (3 391 ±33) Ma (3 391 ±33) Ma (Kitajima et al., 2008 ) (Kitajima et al., 2008) (3 391 ±33) Ma (Kitajima et al., 2008) FIGURE 1 Maps showing the areas studied. (a) Simplified geological map of the North Pole Dom e area in the Pilbara Craton, Western Australia (modified after Van Kranendonk, 2010). (b) Detailed geological map with lithological information (modified after Kitajima, Ushikubo, Kita, Maruyama, & Valley, 2012) . U-Pb zircon data are from previous works (Amelin, Lee, & Halliday, 2000; Byerly, Lowe, Wooden, & Xie, 2002; Kitajima et al., 2008; Nelson, 2000; Thorpe et al., 1992; Van Kranendonk, Philippot, Lepot, Bodorkos, & Pirajno, 2008) and their positions are marked by black squares. Details of these U-Pb data are summarized in Table 1 . The localities of the adamellites (95NP207 and 96NP208) used for U-Pb dating are shown by orange circles. Sample 96NP208 was previously dated by Kitajima et al. (2008) clastic sandstone ( Thorpe et al. (1992) a All of the U-Pb zircon ages were determined by three principal analytical methods; (i) isotope dilution thermal ionization mass spectrometry (ID-TIMS), (ii) sensitive high-resolution ion microprobe (SHRIMP), and (iii) laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS).
b 204
Pb/ 206 Pb ratios of zircons were determined by SHRIMP U-Pb analyses (Nelson, 2000; Van Kranendonk et al., 2008) . In order to recovery above 
| Whole-rock chemical analysis
Two adamellite samples (95NP207 and 96NP208) were prepared for whole-rock chemistry analysis and U-Pb dating; their localities are shown in Figure 1a . Sample 96NP208 was previously used by Kitajima et al. (2008) and was dated as (3 391 AE33 The chips were washed with distilled water using an ultrasonic device and dried completely at 70 C overnight. The chips were crushed in an agate mortar and then powdered using an agate ball mill. The powdery samples were dried at 110 C (over 6 h).
Major element composition (Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K, and P) was obtained using X-ray fluorescence (XRF) spectroscopy (RIX 2100, RIGAKU) at the Tokyo Institute of Technology, Japan. The oven-dried samples were mixed with a lithium tetraborate flux (Li 2 B 4 O 7 ) at a 1:10 sample/flux ratio and then fused into glass discs at 1 050 C. The accelerating voltage was 50 kV and the current was 50 mA during XRF analysis. Calibration methods using Geological Survey of Japan standards were based on Machida, Ishii, Kimura, Awaji, and Kato (2008) . Repeated analyses of the same standard indicated that the reproducibility of these analyses was better than 1 % (except for Na and P, < 5 %). Whole-rock compositions are shown in Table 2 .
| Cathodoluminescence images and elemental maps of zircons
We separated zircon grains from two adamellites using the mineral separation system at the Tokyo Institute of Technology. Most of the recovered grains were subhedral to euhedral, and their apparent colors were pale pink to brown. We could recognize zonal structure and inclusions within the zircons, even with microscopic observation.
The zircon grains were mounted on Epofix resin and polished until their midsections were exposed. Their internal structures and elemental distributions were acquired using a Hitachi S-3400N scanning electron microscope (SEM; Hitachi High Tech. Corp., Tokyo, Japan) with a Chroma CL2 sensor (Gatan, Inc., Pleasanton, CA, USA) and X-ray energy dispersive spectrometry (EDS; Bruker Corp., Billerica, MA, USA) at the Tokyo Institute of Technology. Most zircons show blue color and exhibited clear oscillatory zoning in cathodoluminescence (CL) images (Figure 2) . Apatite inclusions exhibit a white tinge in the CL images (Figure 2e ). In addition, almost all zircons were partly enriched in Ca and Al instead of Zr and Si; these features were most distinctive in their rims (Figure 3) . The incorporation of non-formula elements into the zircons implies that these domains were metamictized and then altered by a hydrothermal fluid (Geisler, Pidgeon, Bronswijk, & Kurtz, 2002; Geisler, Pidgeon, Kurtz, Bronswijk, & Schleicher, 2003a) . Such a hydrothermal alteration likely resulted in incorporation of the common Pb as a non-formula element and disturbance of U-Pb system (Geisler et al., 2002 (Geisler et al., , 2003a (Geisler et al., , 2003b Geisler, Schaltegger, & Tomaschek, 2007) . Our preliminary analyses confirmed that radiation-damaged domains certainly contained a high level of common Pb ( 204 Pb/ 206 Pb up to 0.16; Table S1 ). Less metamictized (i.e. crystalline) parts also included common Pb (to a greater or lesser degree), the amounts of which were lower than those of the radiation-damaged parts. In the isotopic measurement, it is important to avoid radiation-damaged parts. Based on the CL images and the elemental maps, we selected analytical spots having a less metamictized domain with oscillatory zoning.
| In situ isotopic measurement
In situ U-Pb dating on zircon was carried out using a Nu Plasma II (Nu Instruments, Wrexham, U.K.) high-resolution multi-collector inductively coupled plasma mass spectrometer (HR-MC-ICP-MS) coupled to an NWR-193 laser ablation system (ESI, Portland, OR, USA) at Kyoto University. A radiation-damaged site within a zircon grain is mechanically weaker than a crystalline site. Therefore, we readily assessed the crystallinity of zircons by pre-ablating the surface with one laser shot (Figure 4) ; this pre-ablation process eliminates possible surface contamination. Afterward, we performed U-Pb isotopic measurement of selected crystalline sites (Figure 3f ). Either a single hole or raster ablation mode was employed depending on the size of the analyzable area. Ablated areas were comparable in size to a 20 μm-diameter circle for the former (Figure 2b,f) , and a 20 × 20 μm square for the latter (Figure 2a ,c-e). Helium gas was used as the carrier gas, promoting sample transport efficiency from the sample cell to the ICP and also minimizing re-deposition of the sample aerosol around the ablation pit (Eggins, Kinsley, & Shelley, 1998; Günther & Heinrich, 1999; Jackson et al., 2004) . The The results of the secondary standards were fitted to reported values (Jackson et al., 2004) . To evaluate the contribution of common Pb, we monitored 204 Pb and 202 Hg throughout the analyses.
The signal intensity of 204 Pb is calculated by subtracting the contribution of isobaric interference from 204 Hg, assuming that the 204 Hg/ 202 Hg during the zircon analyses is the same as that of a gas blank. Common Pb correction was not made for the U-Pb ratios reported in Table 3 .
( 3 467 
Laser ablation system
One laser shot with > 100 μm was used, and the fluence is the same as that of the above. (Smithies, 2000) . TTG suites with Al 2 O 3 > 15 wt% are predominant in the Paleoarchean TTG series of the Pilbara Craton (Smithies et al., 2009 ). In addition, the adamellites show a high aluminum saturation index (ASI), which reflects a certain amount of biotite and muscovite, as described in the petrologic description. Their mag- 
| Radiometric ages of zircons
The isotopic compositions of 35 zircon grains from the two adamellites are summarized in Table 3 . Tera-Wasserburg concordia diagrams of all the zircons are illustrated in Figure 5 using the ISOPLOT program of Ludwig (1991) , where analytical errors of the U-Pb data are represented at the 2σ level. Twenty-four zircon grains contained significant amounts of common Pb ( 204 Pb/ 206 Pb > 0.000 1; gray circles in Figure 5 ). Correction method of the common Pb is conventionally available by assuming a lead isotopic composition (Andersen, 2002) .
However, when the common Pb is originated from multiple sources, conventional correction method based on a simple assumption may not work properly. Therefore, we did not make the correction for the (Figure 5a ; Table 3 ). Although most grains show oscillatory zoning in the CL images (Figure 2a-c) , the 18 grains have high common Pb contents ( 204 Pb/ 206 Pb > 0.000 1; Table 3 ).
These U-Pb data tend to yield significantly older ages within all zircons of this sample and display a scattered distribution pattern in the Concordia diagram (Figure 5a ). On the other hand, three grains are plotted on the Concordia curve. By using these concordant data, the U-Pb Concordia age is calculated as (3 445 AE23) Ma, with a mean squared weighted deviation (MSWD) value of 0.54 (Figure 5a ). Grain 78, which has the 204 Pb/ 206 Pb ratio < 0.000 1, is slightly plotted off the Concordia curve (Figure 5a ; Table 3 ). Its 207 Pb/ 206 Pb age is (3 473 AE12) Ma and is older than the Concordia age of this sample.
The grain 78 exhibits no inheritance through the CL observation ( Figure 2b) . Thirteen zircons from sample 96NP208 show oscillatory zoning structures (Figure 2d-f ). These zircons range in 207 Pb/ 206 Pb age from (3 449 AE13) Ma to (3 629 AE20) Ma and in Th/U ratio from 0.19 to 0.67 ( Figure 5b ; Table 3 ). Notably, grains with high common Pb abundances ( 204 Pb/ 206 Pb > 0.000 1) are plotted off the Concordia curve.
Five U-Pb data points with less common Pb abundances ( 204 Pb/ 206 Pb < 0.000 1) are plotted on the Concordia curve, giving a U-Pb Concordia age of (3 454 AE17) Ma (MSWD = 8.4; Figure 5b ).
Grains 194 and 255 are discordant zircons that have no inherited core in their CL images (Figure 2e ), and the former yields a distinctively older 207 Pb/ 206 Pb age ((3 545 AE20) Ma; Figure 5b ; Table 3 ). works (Kitajima et al., 2008; Thorpe et al., 1992) . Our study also
shows that most of the ablated zircon grains retain areas where some common Pb is detected, but highly radiation-damaged domains with high common Pb abundances were successfully avoided. In order to obtain precise and accurate U-Pb data, not only is avoidance of the metamictized domain required, but also is the selection of a crystalline domain with a low common Pb abundance. We distinguished crystalline domains from radiation-damaged domains using the preablation technique. After the pre-ablation process, the mechanically weaker radiation-damaged domain exhibits a dark rough surface Figure 5 ). In addition, their Th/U ratios ranged from 0.19 to 0.62, which are values typical of magmatic zircons rather than metamorphic or fluid-infiltrated zircons (Harley, Kelly, & Möller, 2007; Rubatto, 2002; Vavra, Schmid, & Gebauer, 1999 (Thorpe et al., 1992; Van Kranendonk et al., 2008) , which was interpreted to indicate the existence of a pre-3 500 Ma basement in the Pilbara Craton (Buick et al., 1995; Van Kranendonk et al., 2002) . Overall, our analytical technique succeeded in the extraction of precise chronological information relating to zircon crystallization from partially metamictized zircons.
Previously, the intrusion of the North Pole Dome adamellite has been constrained by either an upper intercept Concordia age of (3 459 AE18) Ma (Thorpe et al., 1992) or a single-zircon 207 Pb/ 206 Pb age of (3 391 AE33) Ma (Kitajima et al., 2008) . Analytical error and uncertainty resulting from the presence of common Pb and metamictization were considered to a lesser extent in these previous studies.
On the other hand, our concordant datasets are least affected by common Pb, and allow for the computation of U-Pb Concordia ages.
The U-Pb Concordia age commonly has the advantages of precision and accuracy over any single U-Pb age because three relevant isotopic ratios ( 206 Pb/ 238 U, 207 Pb/ 235 U, and 207 Pb/ 206 Pb) are treated equivalently in the computation (Ludwig, 1998) . The newly obtained U-Pb datum of (3 454 AE17) Ma in the present study is similar (within error) to that determined by Thorpe et al. (1992) . However, it provides a more robust geochronological constraint with higher precision and accuracy.
| Implications
Sedimentary rocks of the Dresser Formation provide early records of microbial activity, including the presence of diverse stromatolites, putative microfossils, and highly negative δ 13 C values in carbonaceous materials ( Figure 6 ; Awramik et al., 1983; Buick, 1990; Ueno et al., 2001; Walter et al., 1980) . Therefore, chronological constraints on the sedimentary rocks are rather important for any discussion of early life. In the North Pole Dome successions, we first report the U-Pb Concordia age of (3 454 AE17) Ma, which constrains the intrusive event of the adamellite. The adamellite intrusion developed contact metamorphic aureoles, and involved the doming of North Pole Dome successions. These geotectonic evidences support an idea that the intrusion postdates formation of the Warrawoona greenstone successions in the North Pole Dome area, and that the intrusive age is available as the minimum age constraint of these successions. In the present circumstances, the timing of adamellite intrusion is consistent with the sedimentation ages of the Dresser Formation [3]
[4]
[2]
[2] Xenocrystic zircon [1]
[5]
[6]
Awramik Awramik locality locality
Awramik locality [1] Putative microfossil [3] Minimum age = Minimum age = (3 454 ±17) Ma (3 454 ±17) Ma Minimum age = (3 454 ±17) Ma Kitajima et al., 2008; Van Kranendonk, 2010 , 2011 . The U-Pb data are represented by color-coded squares, whose colors are the same as those in the legend (1, Thorpe et al., 1992; 2, Kitajima et al., 2008; 3, Van Kranendonk et al., 2008; 4, Byerly et al., 2002; 5, Amelin et al., 2000; 6, Nelson, 2000) . The diverse stromatolites, putative microfossils, and carbonaceous materials are marked by respective symbols. U-Pb datum of (3 454 AE17) Ma represents the intrusive age of the North Pole Dome adamellite and gives the minimum age of the North Pole Dome successions in a conflict over the interpretation of U-Pb data. For instance, the proposed eruption ages from the Panorama and Duffer Formations do not overlap within their analytical errors ( Figure 6 ). Zircons extracted from the felsic tuff contain the common Pb ( 204 Pb/ 206 Pb < 0.000 2; Nelson, 2000) . In these cases, the U-Pb age includes an uncertainty in terms of the common Pb correction. Some previous works did not monitor and quantify common Pb abundance during the measurement (Table 1) 
